Abstract Social learning is said to meet the demands of complex environments in which individuals compete over resources and cooperate to share resources. Horses (Equus caballus) were thought to lack social learning skills because they feed on homogenously distributed resources with few reasons for conflict. However, the horse's social environment is complex, which raises the possibility that its capacity for social transfer of feeding behaviour has been underestimated. We conducted a social learning experiment using 30 socially kept horses of different ages. Five horses, one from each group, were chosen as demonstrators, and the remaining 25 horses were designated observers. Observers from each group were allowed to watch their group demonstrator opening a feeding apparatus. We found that young, low-ranking and more exploratory horses learned by observing older members of their own group, and the older the horse, the more slowly it appeared to learn. Social learning may be an adaptive specialisation to the social environment. Older animals may avoid the potential costs of acquiring complex and potentially disadvantageous feeding behaviours from younger group members. We argue that horses show social learning in the context of their social ecology and that research procedures must take such contexts into account. Misconceptions about the horse's sociality may have hampered earlier studies.
Introduction
Animals learn through individual or social learning. In individual learning, each animal experiences positive or negative consequences for its own interactions with its environment. In social learning, animals learn by observing another animal or its visual, olfactory or auditory cues (Heyes 1994; Galef 1995) . Social learning usually entails information transfer between conspecifics (Whiten et al. 2004; Laland 2004) , but social learning between members of different species has also been recorded (e.g. dogs learning from humans) (Pongrácz et al. 2001 (Pongrácz et al. , 2008 Mersmann et al. 2011) . By using socially transmitted information, animals adapt to the demands of a society in which individuals have to compete and cooperate for resources such as mating partners, food, sleeping sites and social status (Galef and Giraldeau 2001; Byrne and Whiten 1988) . Furthermore, social learning of novel skills can lead to traditions or cultures, for example the famous potato washing in Japanese macaques (Imanishi 1957) . In some species, the expression of social learning correlates with group size (Dunbar 2003) , in some with the complexity of social relationships (Dunbar and Shultz 2007) , and in some with the frequency of innovative behaviours and tool use (Reader and Laland 2002) .
This study investigates the propensity of horses to learn to operate a feeding apparatus by observing a demonstration by another member of their social group. Previous studies have not yielded significant evidence of social transfer of information in the foraging behaviour of horses (Baer et al. 1983; Baker and Crawford 1986; Clarke et al. 1996; Lindberg et al. 1999) . It was argued that, as in most other ungulates, the horse's feeding on homogenously distributed resources (Devenport et al. 2005 ) makes social learning unnecessary (van Schaik 2010) . However, recent research shows that horses live in complex social environments which might favour the evolution of social transfer of information (Nicol 2002; Murphy and Arkins 2007) . Horses form largely stable harems and bachelor groups with clear linear hierarchies (Houpt et al. 1978) , and they preferentially interact with up to three partners (Tyler 1972) . Social groups may temporarily split or merge (Linklater 2000) , thus showing a fission-fusion dynamic. Like other animals living in fission-fusion societies (e.g. primates, social carnivores, bats, ungulates, dolphins and elephants; Kerth 2010) , horses are capable of social (Krueger and Heinze 2008) and individual recognition (Proops et al. 2009; , of forming alliances for the mutual protection of offspring (Cameron et al. 2009 ) and of protecting social bonds by third party intervention (Schneider and Krueger 2012) . They also show conciliatory behaviour after conflict (Cozzi et al. 2010) .
In this study, we examine whether horses show social learning, and if so, how it is affected by the individual and social features of the demonstrators and observers, such as age, social rank, group membership and neophobia. It has been reported that only young apes (Call 2006) , young horses (Nicol 2002 ) and high-ranking, less neophobic birds (Boogert et al. 2006) learn to operate a feeding device in individual learning tests. Neophobia might result in an approach-avoidance conflict when horses are confronted with an experimental apparatus, as in fowls (Murphy 1978) . Previous studies demonstrated that individual horses have different levels of neophobia, and therefore different exploratory behaviour (Le Scolan et al. 1997; Momozawa et al. 2003 Momozawa et al. , 2005 Christensen et al. 2005 , König von Borstel et al. 2011 . Neophobic horses may explore less and therefore learn less in a social learning set-up, as has been shown in individual learning in birds (Boogert et al. 2006) .
Additionally, social transfer of information may depend on the relationship between observer and demonstrator (Coussi-Korbel and Fragaszy 1995; Russon and Galdikas 1995) . For example, observers may prefer to use information provided by high-ranking adults, as observed in dogs (Pongrácz et al. 2008) , or choose to copy the most experienced and oldest animal, as shown in the acquisition of nut-cracking techniques in chimpanzees and capuchin monkeys (van Schaik 2010) . Moreover, the presence of high-ranking demonstrators may inhibit the expression of social learning in others. In chimpanzees, the proximity of dominant animals inhibited subordinates from performing a food acquisition task (Chalmeau and Gallo 1993) . Furthermore, familiarity with the demonstrating animal may be important for the use of social information (CoussiKorbel and Fragaszy 1995; Russon and Galdikas 1995) , as horses preferentially appear to copy social behaviour of known conspecifics (Krueger and Heinze 2008) and to orientate their exploration behaviour on the focus of attention of well-known humans .
In a social learning experiment using 30 socially kept horses of different ages, we examined: 1. social transfer of feeding behaviour, and 2. the effect of the observer's age, rank and exploratory behaviour on social learning performance. In addition, we investigated whether observers 3. learn predominantly from familiar, older and higherranking horses, and 4. copy the demonstrator's technique when opening the feeding apparatus.
Methods

Animals
We used 44 domestic horses (Equus caballus), including 22 Standardbreds, 8 Trotters, 3 Haflingers, 4 Welsh cobs and 7 ponies. The 30 horses which were used in the social learning experiment came from five groups, each of which had had a stable hierarchy for at least 2 years prior to the experiment. These groups consisted of 3-12 horses (median = 5) and were kept in open stabling. The horses were between 2 and 28 years old (median = 11 years) and included 9 geldings and 21 mares. One horse from each group was chosen to be the demonstrator for its group, and the rest of the horses were observers (Table ESM 5 ). The 14 horses (5 geldings and 9 mares) used in the double-blind control experiment were kept in open stabling during the day and in individual boxes overnight. The overnight separation of the control horses was not considered likely to affect their familiarity with each other, as horses from this type of management have been shown to be able to individually identify their group members (Proops et al. 2009 ) and to have excellent long-term memory (Hanggi and Ingersoll 2009) . The control horses were chosen from three groups which comprised 4, 8 and 10 animals. They were selected so that the age span of the control horses (2-25 years, median = 9.5 years) was comparable to that of the test horses (Table ESM 6 ).
Most animals were unrelated except for two motheroffspring pairs which were used as observers to avoid any possible bias through mother-offspring information transfer (e.g. vertical social information transfer, Heyes and Galef 1996) . All horses were in excellent feeding condition. Their regular feed comprised hay and a compound feed, with access to grass in their pastures.
The study has been conducted according to relevant national and international guidelines. Permissions from the regulatory authority for animal welfare were not needed for the present non-invasive behaviour study. The experimental procedures described in this study are not considered 'experiments on animals' according to the German Animal Protection Law (Deutsches Tierschutzgesetz). All horses were privately owned. The horse owners lived close to the experimenters' location, Regensburg, took notice of the study through word-of-mouth recommendation and offered their horses for participation. They were all informed about the experimental procedure before the study was started and gave informed permission for their horses to participate. All the offered horses were used in the study, except in one case, where one owner owned several groups of horses and only the group with horses of most evenly distributed ages was used.
Experimental set-up
The experimental apparatus was a box, 60 cm long, 35 cm wide and only 10 cm high (Fig. 1b) . We chose these dimensions as horses' visual discrimination is best at ground level (Hall et al. 2003) . The box had a drawer measuring 21.5 cm 9 19 cm 9 5.5 cm on one side that could be opened by pulling a rope on the opposite side of the box. The distance between the drawer and the rope was about 50 cm. Pulling the rope released a scroll spring that pushed the drawer open. The box was fixed on a 90 cm 9 75 cm 9 2 cm baseplate to ensure stability and was placed in the middle of a 20 9 20 m area. Pieces of carrot and bread were put into the drawer. To open the drawer, the horses had to pull the rope, which was green and blue in colour to distinguish it from the brown of the box. Horses discriminate colours at the spectral peak of 539 nm and 428 nm (Macuda and Timney 1999; Carroll et al. 2001; Hanggi et al. 2007 ) and the brightness of up to 18 colours (Hall et al. 2003; Geisbauer et al. 2004 ).
Demonstrator training
From the 30 social learning experiment horses, we trained 5 middle-ranking horses of close to average age and object neophobia (N = 5, median ADI = 0.62, range = 0.38; median age = 15, range = 10, median object neophobia = 6 touches, range = 3) to be the demonstrators. Each demonstrator only demonstrated to members of its own group, to ensure familiarity between demonstrator and observers (Krueger and Heinze 2008) . During training, demonstrators learned to pull the rope on the experimental apparatus to open the drawer ( Fig. 1b; video ESM 3). The drawer contained pieces of bread and carrot, which the horse was allowed to eat after successfully opening the drawer. Fig. 1 Experimental set-up. a Demonstration exp. 1, experimenter 1 in waiting position; dem., demonstrator horse in demonstration position; obs., observer horse in observation position; exp. 2, experimenter 2 for handling the observer horse. Only the central part of the experimental area is shown. b Experimental apparatus, 1 drawer, the arrow depicts the direction in which it opens; 2 rope, the arrow depicts the direction it had to be pulled to open the drawer; 3 stabilising baseplate. The distance between the rope and the drawer is 50 cm, and the box is 10 cm high. c Successful learner opens the drawer by pulling the rope Anim Cogn (2014) 17:645-655 647 For the training phase, each of the 5 demonstrators was led into the experimental area and first habituated to the experimental box. It was considered habituated when it was calm and showed no fear (between 10 and 60 min). Then, a piece of bread was tied to the rope. When the demonstrator tried to eat the bread, it coincidentally pulled the rope and opened the drawer. The demonstrator was then allowed to eat the food inside. Between 20 and 40 repetitions were needed before they opened the drawer even without bread being fixed to the rope. We then continued for up to 40 repetitions until the demonstrator reached the learning criteria of spontaneously approaching and operating the feeding drawer 10 times in a row (video ESM 3). This took the demonstrators 2-4 days, with 20 training units per day.
Experimental procedure
The horses not chosen to be demonstrators were used as observers. Observers were randomly collected from the particular demonstrator's social group, one at a time, and led to the experimental area, where each received food from the open drawer 5 times in a row. This both habituated the observer horse to the experimental box and motivated it to search for food. All observer horses searched for food at the box after habituation. Therefore, habituation trials were not repeated on the following test days.
For the test phase, the demonstrator horse was led to the 'demonstrator starting position', about 8 m from the apparatus. An observer horse from the demonstrator's group was held, facing the demonstrator, with its front feet approximately 1 m away from the box as, in some species, proximity has been shown to be crucial for the motivation to learn. Then the demonstrator was released and allowed to operate the feeding drawer as in the training phase (Fig. 1a; video ESM 4) .
After opening the drawer and retrieving the food, the demonstrator was then led away. Demonstrators never failed to demonstrate the task. Thereafter, the drawer was refilled with food and closed, the observer was immediately released, and the experimenters left the experimental area. Observer horses were left in the experimental area for 5 min after each demonstration, but none of the observer horses tried to manipulate the feeding device for longer than 5 min in any one trial. They either approached it immediately or not at all, and if they were not successful in opening it, they quickly lost interest. Prior to the experiment, the maximum number of demonstrations was set at 120, with 10-20 demonstrations on a minimum of 6 and a maximum of 8 consecutive days, depending on the horse's motivation to participate.
Observer horses were counted as successful learners when they opened the drawer ( Fig. 1c; video ESM 4), and to have reached learning criteria when they opened the drawer 10 times consecutively with demonstration by the demonstrator horse, and then 10 times consecutively without demonstration (Fig. 5) . Learner horses did not receive any further demonstrations after reaching learning criteria. For the trials without demonstration, the procedure was similar to the procedure for the control group (see ''Control experiment'').
Observers were designated 'non-learner' if they lost interest and refused to approach the experimental apparatus after 10 demonstrations in a row on at least 2 consecutive days or if they did not reach the learning criteria after the maximum of 120 demonstrations. All non-learner horses received 120 demonstrations, even when they had lost interest much earlier, to ensure equal opportunities for learning by trial and error and to ensure they had the opportunity to regain interest in the feeding device at a later time point. However, this was never the case.
Experimenter
Three experimenters participated in each test: Experimenter 1 handled the demonstrator horse, holding it at the starting position, releasing it to perform its task and collecting it after demonstration. Experimenter 1 faced away from the experimental area during the performance of the observer horse (Fig. 1a) .
Experimenter 2 handled the observer horse during each demonstration (Fig. 1a) , keeping it on a loose lead while turning her back to the experimental apparatus and looking away towards a predetermined point, and avoiding any bodily contact with the observer. After the demonstration, she released the observer horse and left the experimental area (video ESM 4). It was necessary to keep the observer horse on a lead rope to prevent it from monopolising the feeding device (as happens in hens, Nicol and Pope 1999), or from scrounging the food found by the demonstrator (Giraldeau and Lefebvre 1987) .
Experimenter 3 videotaped and wrote down a description of the horse's behaviour from behind a cover outside the experimental area and also refilled the drawer (video ESM 4). Observer and control horses were allowed to see the refilling process to avoid feature negative effects, which cause some species not to search for food in areas where others had fed before (Hopewell et al. 2010) . When refilling, experimenter 3 was careful to distribute possible local enhancement cues evenly. He/she entered the experimental area, squatted down between the observer horse and the experimental apparatus, centred herself between the drawer and the rope, touched the box on the rope side with one hand, placed the food in the drawer with the other hand and closed the drawer. Throughout the refilling process, he/she faced away from the horse towards the opposite wall.
The experimenters of the present study have given written informed consent for their photographs and videos to be published.
Control experiment
The control experiment was conducted in the same manner as the social learning experiment, but without a demonstrator horse showing how to open the drawer. The control horses received the same habituation procedure, being taken, one at a time, from their social groups and led into the experimental area and allowed to feed from the open drawer 5 times in a row. Thereafter, they had 120 trials in which they had 5 min to approach the box and manipulate the apparatus in the experimental area.
As in the experimental procedure, the control horse was placed in the starting position, with its front feet approximately 1 m away from the box. The drawer was open, with no food in it, as if the demonstrator horses had just fed from it. Experimenter 3 filled the drawer with food in the horse's view, then closed it and left the experimental area. The control horse was released and experimenter 2 left the area. If the control horse did not make any attempt to open the feeding drawer, or gave up trying and walked away, experimenter 2 returned, took it by the halter, and turned it around so that it could not see the device while experimenter 3 opened the drawer and took the food out. Then the control horse was led back to the starting position and placed with its front feet approximately 1 m from the box for the next trial. If the horse was successful in opening the drawer it was allowed to eat the food, then experimenter 2 returned and led it back to the starting position. Removing the food for unsuccessful control horses was done to align the control trials with the experimental trails. In experimental trials, either the demonstrator consumed the food during the next demonstration or observer horses consumed the food themselves when they reached learning criteria. As in the experimental trials, experimenter 3 refilled the drawer for each trial to demonstrate that there was still food in the drawer and to avoid feature negative effects (Feist and McCullough 1976) . The only aspect that differed between experimental and control trials was that the control horses did not receive any demonstration of how to open the drawer from a demonstrator horse.
Dominance relationships
Before the experiment, we determined the dominance relationships among the horses in the field by continuously sampling agonistic encounters, such as approaches, retreats, threats to bite or kick, bites, kicks and chases (Feist and McCullough 1976; McDonnell and Haviland 1995; McDonnell 2003) ; over 6 h, distributed over daylight hours on at least three different days. We used a modified average dominance index (ADI) for the analysis of the dominance ranks. It is calculated as follows: The dominance index per pair of individuals, w ij , is the number of times an individual i won against a certain opponent j (x ij ) divided by the total number of agonistic encounters within the pair (x ij ? x ji ). It thus becomes, w ij = x ij /(x ij ? x ji ). Individuals were counted as a winner when their interaction partner retreated one step or more. Pairs of individuals that were not involved in an encounter with each other were excluded from the analysis. The ADI of an individual is the average of all its dominance indices with all its interaction partners, thus 1 N P W ij . ADI values range from 0 to 1, and a high value indicates a high rank in the group (Hemelrijk et al. 2005 ).
Novel object test
Prior to the social learning test, we assessed the horses' exploratory behaviour using a novel object test (Wilson et al. 1994; Mettke-Hofmann et al. 2002; Boogert et al. 2006; Christensen et al. 2005 ). Horses were individually tested in a 4 9 4 m enclosure for their propensity to touch six different unknown objects, which were presented in random order (a blue bucket, an orange umbrella, a yellow truck chock, a blue cushion, a pink gymnastics mat, and a blue-red-white-coloured ball). Members of the test horse's group were in sight to reduce anxiety, but the novel objects were only visible to the test horse.
The individuals' total touches ranged from 0 to 13 (median = 4 touches). From this, we calculated the animal's exploration index by dividing the total number of touches by the number of objects. The exploration index was placed on a shy-bold scale, where shy animals touched the objects less often and had a lower index and bold animals more often and had a higher index (Wilson et al. 1994; Boogert et al. 2006) .
Statistics
We applied the statistical software SPSS 20 and the R-project statistical environment (R Development Core Team 2012). We used the software Eureqa (Schmidt and Lipson 2009 ), supplied by http://creativemachines.cornell. edu/eureqa to calculate the equation for the mathematical relationship of age and learning speed. As some variables were not normally distributed (KS-test), we applied nonparametric or semi-parametric tests. Differences in outcome between learning and control test were evaluated by applying a Fisher's exact test. Main effects on learning were tested with semi-parametric generalised estimating equations (GEE). The horses' membership in a particular group and sex were not significant, but age, object neophobia (GEE, N = 25, age: v 2 = 6.2, p = 0.01; temperament: v 2 = 6.99, p = 0.008) and rank were significant after reshuffling (GEE, N = 25, v 2 = 3.76, p = 0.05). Therefore, we continued with separate analysis by applying Mann-Whitney U exact tests to independent data sets, Wilcoxon signed-rank exact tests to dependent data sets, binomial exact test to binomial outcome data and Spearman's rho tests for correlations. Fisher combination tests were used to draw conclusions on separate data presented in Table 1 . All tests were two-tailed. P was set at 0.05 and corrected by a sequential Bonferroni procedure after multiple testing.
Results
All the observers and all the control horses approached the feeding apparatus after being habituated, with a median latency of 5 s (range 3-30 s) for observer horses and a median latency of 5 s (range 3-11 s) for control horses.
Of the 25 observer horses, 12 learned to operate the experimental apparatus after observing the demonstrations (Figs. 1, 2 , 3, 4; video ESM 4; Table ESM 5). The 12 learners took a median of 12 trials (range 2-59 trials) until they opened the drawer for the first time and a median of 45 trials (range 29-106 trials) to reach learning criteria (Fig. 5) . The 13 observers which did not learn the task lost interest in the device at a median of 58 trials (range 3-120 trials). The time the 12 learners needed to manipulate the rope decreased significantly from the first success to the subsequent openings of the drawer (first time, median = 22 s, range 10-33 s; later trials, median = 4 s, range 3-5 s; Wilcoxon signedrank exact test: N = 12, Z = -3.06, p = 0.003).
Significantly fewer of the control horses (2 out of 14) learned to operate the drawer by individual learning only, i.e. with no opportunity for social learning (Fisher's exact test: p = 0.04; Table ESM 6). The 2 control horses which learned the task needed between 19 and 59 trials before they opened the drawer for the first time, and between 77 and 81 trials to reach learning criteria (Fig. 5) . The 12 control horses which did not learn the task lost interest in the feeding apparatus significantly faster (median = 20 trials, range 5-54 s) than Table S1 ). For a better overview, social rank was depicted by multiplying the horses' ADI values by 10. The columns depict the mean, and the whiskers the SD. Significant relationships are connected by edges. Asterisk stands for p B 0.05 (Table 1 and S1). Significant relationships are connected by edges. Asterisk stands for p B 0.05 Fig. 4 Learning speed. Learners were faster (needed fewer demonstrations) the younger they were (Table 1 ). The distribution curve was calculated from the horses' ages and the number of demonstrations by using the equation: 10 9 age -0.36 9 age 2 -9 (Eureqa 2009; Schmidt and Lipson 2009; http://creativemachines.cornell.edu/ eureqa). The raw data used for this graph are shown in supporting figure S2 and supporting table S1
the 13 'non-learner' observer horses (median = 58 trials, range 3-120 s) (Mann-Whitney U exact test: N1 = 12, N2 = 12, Z = -3.32, p \ 0.001). Furthermore, the 14 control horses needed significantly more time before they manipulated the rope area for the first time (median = 44 s, range 20-69 s), than the 25 observer horses (median = 27 s, range 10-55 s, Mann-Whitney U exact test: N1 = 14, N2 = 25, Z = -3.42, p \ 0.001).
The effect of age, rank and neophobia on learning All learners were between 2 and 15 years old. The learners in the social learning test were significantly younger, lower ranking, and more exploratory than the non-learners (Tables 1 and ESM 1; Fig. 2) , and also significantly younger, but not lower ranking or more exploratory, than the demonstrator horses (Table 1 ; ESM 5; Fig. 3; Fig. ESM  1) . The younger a horse was, the faster it reached learning criteria (i.e. the fewer demonstrations it needed) ( Fig. 4 ; supporting Figure S2 ; Table S1 ). However, the learner's rank or exploration index did not have a significant effect on learning speed (Table 1 ; Fig. ESM 2) . When considering Figs. 2, 3 and 4, age appears to be the most influential factor for social learning in horses (Fisher's combination test, N = 3, v 2 = 27.71, p = 0.006, Table 1 ).
Rope manipulation techniques
The 12 learners used several different techniques to open the drawer ( Fig. 5 ; Table ESM 5) . Six learners used the same technique as the demonstrator and pulled the rope with their mouths. One learner used a hoof to scratch on the rope to open the drawer, and 5 learners used their mouth and a hoof to manipulate the rope in turns or both (mixed technique). Horses which used the same technique as the demonstrators needed longer to open the box for the first time than those using other techniques, such as hoof or hoof and mouth, but this was not significant (MannWhitney U exact test: N = 12, Z = -1.21, p = 0.24). The 2 successful control horses used their mouths to pull the rope and open the drawer ( Fig. 5 ; Table ESM 6 ).
Consistency in learning
The 12 learners varied in how consistently they opened the drawer (Fig. 5 ): 2 horses managed to open the feeding apparatus repeatedly after opening it for the first time, but 10 horses needed further demonstrations, and 5 of these needed 1-3 additional repetitions before they consistently opened the drawer (N = 5, median = 2, range = 2). After pulling the rope and opening the drawer the first time, these 5 horses were attracted to the drawer (i.e. where they had previously been rewarded) and unsuccessfully tried to open it by directly manipulating the closed drawer and not by pulling the rope, but they reverted to using the rope with further demonstrations. A further 5 horses needed 4-21 additional demonstrations (N = 5, median = 12, range = 17) and switched between manipulating the rope and the drawer. One observer horse opened the box by pulling the rope with its mouth in trial 20, but did not reach learning criteria by trial Fig. 5 Drawer-Manipulation Techniques and Consistency. The upper 12 horses were observers from the social learning experiment; the lower 2 horses were control horses that did not receive any demonstration. Trials in which the task was demonstrated are depicted with large dots, and trials without any demonstration with small dots. In the social learning experiment, 2 learners observed the demonstrator and then consistently opened the feeding apparatus by using the rope, 5 manipulated the drawer up to three times after first opening the apparatus and were then consistent in opening, and 5 needed several demonstrations before achieving consistency in opening the feeding apparatus by using the rope. With only one exception, all learners which manipulated the rope with their hoof returned to using the mouth or a mixed hoof-mouth technique after further observation 120. The consistency of opening the drawer did not correlate with the use of a certain technique (Spearman's rank correlation test: N = 12, r = -0.136, p = 0.67).
Discussion
This study is the first to clearly demonstrate social transfer of feeding behaviour in horses. By observing a demonstrator, the horses learned the connection between action and outcome at 50-cm spatially separated areas, and they learned a novel manipulation technique to acquire food from an unfamiliar feeding device. This fulfils the criteria for social learning (Byrne 2002; Whiten et al. 2004 ). The expression of social learning in horses appears to depend on their age and rank, as in individual learning in apes, birds and horses (Nicol 2002; Call 2006; Boogert et al. 2006) , and on their tendency to explore novel objects. In the following paragraphs, we discuss several aspects of our observations.
Social transfer of feeding behaviour: ability or strategy?
Who copies?
Social learners were younger, lower ranking and displayed more exploratory behaviour than non-learners. Social learning could be age-limited simply because young animals learn better, as in individual learning (Nicol 2002; Call 2006) , but it remains difficult to clearly distinguish between the importance of age, rank and exploration for social learning abilities in horses. Both rank and exploration may have been linked to the horses' age as, in horses, age usually correlates with rank. Most young horses start at the bottom of their group's social hierarchy and rise in rank as they grow older (Houpt et al. 1978) . Additionally, young horses were shown to be more exploratory in the non-social novel object test conducted here, and in other studies (Vidament et al. 2012) . The observed enhanced exploratory behaviour of young horses is in line with findings that young horses are more active in a novel object test (König von Borstel et al. 2011) Whom to copy?
Horses may decide from whom to learn, to avoid copying wrong behaviour. Usually, animals benefit from learning socially, but there is also the risk of learning disadvantageous behaviour (Giraldeau et al. 2002) . Interestingly, the learners in the present study were younger than the demonstrators, but neither rank nor neophobia were significant factors. Age may be decisive because older horses refrain from copying the behaviour of younger animals (Lefebvre and Giraldeau 1996; Laland 2004; Krueger and Heinze 2008) , as young horses might spread incorrect information about food quality, e.g. by eating unfamiliar, potentially dangerous forage (Nicol 2002 ) which old horses know from previous experience to be unpalatable or dangerous.
Other studies have suggested that dominant animals may displace subordinates from limited food sources after watching subordinates find them (Hare et al. 2001; Valone and Templeton 2002) . This would carry much lower time and effort costs than learning a specific feeding behaviour. However, rank was not a significant factor in this study, and horses have not been shown to use conspecifics as reference points when feeding on unlimited resources (Krueger and Flauger 2008) , although it is not yet known whether rank is a factor when resources are limited.
Finally, the horses' neophobia may not have inhibited social learning in this test, as neophobic animals did not have to approach the feeding apparatus, but could learn how to operate it by observing the demonstrator from a distance (Heyes 1994; Galef 1995) . Furthermore, the horses' exploration behaviour could have been affected by the habituation to the experimental set-up (Christensen et al. 2006) , and observers may have been less anxious when calm group members demonstrated the task (Christensen et al. 2008 ) in the present study.
While age seems to be one decisive factor, it is still unclear whether rank or neophobia play a role in the observer-demonstrator relationship. This needs to be further investigated by testing pairs of observer and demonstrator horses of various age, rank, exploration index and familiarity under our experimental conditions.
Learning mechanisms
From the differences in behaviour between observer and control horses, we can try to determine which learning mechanisms may have been involved. The fact that most learners manipulated the whole feeding apparatus before being successful for the first time indicates that trial and error was part of the learning process. However, observers started manipulating the rope area significantly earlier than control horses, and non-learner observers were interested in the device for much longer than non-learner control horses. This indicates that social information may have been transferred either through stimulus or local enhancement (as in dogs, Mersmann et al. 2011, lemon sharks; Guttridge et al. 2013 and elephants; Greco et al. 2013) . The horses may have learned through being attracted either to the task by another individual's action (i.e. stimulus enhancement), or to the location where the demonstrator manipulated the feeding apparatus (i.e. local enhancement) (Whiten and Ham 1992; Heyes 1994; Galef 1995; Byrne and Russon 1998; Whiten et al. 2004) . This is comparable to bottle opening by garden birds. The birds learned to open foil-topped milk bottles by being attracted to the area (local enhancement) where demonstrator birds pecked the foil (stimulus enhancement) (Sherry and Galef 1984) .
Horses that used a hoof to scratch on the rope may have assimilated individual experiences into the socially acquired knowledge on how to operate the present device (Tomasello 1990; Whiten et al. 2004; Greco et al. 2013) . It is striking that all but one of the learners, which initially tried to manipulate the rope with its hoof, eventually adopted the behaviour of the demonstrator (Whiten et al. 2004 ). The learners may therefore have realised that demonstrators were successfully using a particular technique, but found copying the mouth technique difficult. Generally, it is easier to copy the use of hands or hoofs as the animals can see their actions (i.e. perceptual opacity, Byrne 2002; Heyes 2002; Whiten et al. 2004) . Therefore, animals may have used a hoof simply because they could see it and used their own existing technique. For example, they may have previously tried to scratch snow from the grass and applied this technique in the new situation (Tomasello 1990 ).
It appears that stimulus enhancement and emulation are the two social learning mechanisms used by the horses of the present study. However, this study was not designed to demonstrate a certain social learning mechanism, and this would need to be addressed in future studies.
In this context, we have to discuss procedural differences between the learning and the control experiment. Assuming that humans, as well as conspecifics, can convey social information to horses, one might argue that experimental horses were interested in the experimental procedure for longer than control horses simply because they received twice as many stimulus enhancement cues to approach the feeding apparatus: experimental horses saw both a person and a demonstrator horse operating the feeding apparatus, while control horses only observed a person refilling and closing the drawer. Some horses orient their focus of attention on a human's focus of attention, but do this almost exclusively with familiar persons . By using experimenters who were unknown to the horses, we tried to minimise their influence. Furthermore, the fact that observers were attracted to the rope area much more quickly than the control horses suggests that the demonstrator's action at the rope may have provided local and stimulus enhancement cues that were important for learning the process (Whiten and Ham 1992; Heyes 1994; Galef 1995; Byrne and Russon 1998; Whiten et al. 2004; Guttridge et al. 2013) .
The horses' feeding environment In general, social learning might help horses to cope with the demands of their complex social environment (Nicol 2002; Murphy and Arkins 2007) , but why should horses learn feeding behaviours socially? Changes in the physical environment of horses seem to be easy to predict, with no need for fast adaptations that might require social learning (Byrne and Whiten 1988; Call 2006; Galef and Giraldeau 2001) . Food quality changes slowly, and food is fairly equally distributed when resources are abundant (Devenport et al. 2005) . However, young horses may have to learn innovative feeding strategies in harsh environments, where food is scarce and difficult to reach (Berger 1986; Reader and Laland 2002; Nicol 2002) . In fact, there are anecdotal reports of innovative feeding behaviour in natural horse populations, such as horses turning stones to access food underneath (own observation). Similarly, in reintroduction projects, young, zoo-housed Przewalski horses need to learn to feed on bark and to break down trees to better access the bark (own observation). A scientific approach to feeding innovations in horses, and whether they are acquired individually or socially, is urgently needed.
Conclusion
We suggest that horses are capable of social transfer of information, in contrast to previous assumptions (van Schaik 2010) , and that young, low-ranking and exploratory horses can learn through observing older group members. Misconceptions about the social and ecological factors in the horse's social learning abilities may have hampered previous social learning experiments in this species.
